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i. 

Abstract  

Thermal-vacuum a t r e s s i n g  o f  concave r e p l i c a  d i f f r a c t i o n  

g r a t i n g s  f rom t h r e e  d i f f e r e n t  manufacturer8 f o r  s eve ra l  days 

a t  p re s su res  encountered by o r b i t i n g  s a t e l l i t e s  i n d i c a t e s  that 

they w i l l  withstand a t  l e a s t  temperature8 from 4 2OoC t o  - 5 O C .  

An i r r a d i a t e d  plane r e p l i c a  d i f f r a c t i o n  g r a t i n g  w i t h s t o o d  a t  

l e a e t  1 4 O o C  temperatures f o r  24 hours a t  atmospheric p re s su re  

w i t h  no s i g n i f i c a n t  d e t e r i o r a t i o n ,  Plane r e p l i c a  d i f f r a c t i o n  

g r a t i n g s  t h a t  had been previously i r r a d i a t e d  w i t h s t o o d  temper- 

a t u r e s  of at l e a s t  87OC f o r  24 hours before  f a i l u r e  wae detected.  

Continuation of the  i r r a d i a t i o n  o f  plane r e p l i c a  d i f f r a c t -  

i on  g r a t i n g s  u s i n g  BSC2 and s y n t h e t i c  fused s i l i c a  seems t o  

i n d i c a t e  c l e a r l y  t h a t  a t  l eas t  w i t h  e l e c t r o n s  o f  1.2 Mev energy, 

t h e  deformation is due t o  the s u b s t r a t e  r a t h e r  than t o  the 

r e p l i c a t i o n  process.  For t h e  moet r a d i a t i o n  s e n s i t i v e  ma te r i a l  

t e s t e d  thus  far ,  Pyrexp deformations o f  one-quarter wavelength 

were n o t  reached u n t i l  the dose exceeded 6x1Ol2 electrone/crn2. 
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1. Purpose of E f f o r t  

e 1.1 P a r t i c l e  I r r a d i a t i o n  

The purpose of t h e  e f f o r t  i n  t h i s  area during t h i s  

phase of the inves t fga t ion  was t o  determine whether in -  

deed the bulk,  i f  no t  a l l ,  of t h e  deformation produced 

by e n e r g e t i c  e l e c t r o n  i r r a d i a t i o n  was due t o  t h e  eub- 

s t r a t e  r a t h e r  than t h e  r e p l i c a t i o n .  This p o s s i b i l i t y  

had been s t rongly  ind ica t ed  i n  Phase 11. 

A secondary e f f o r t  i n  t h i s  same area was t o  compare 

the  e f f e c t s  o f  i r r a d i a t i o n  during a shor t  time t o  achieve 

a given dose as compared w i t h  t he  same dose epread out 

i n  a t ime more c lose ly  approximating the  t r u e  o r b i t a l  

dose t i m e .  

1 .2  Thermal-Vacuum S t re s s ing  

Previous p a r t i c l e  i r r a d i a t i o n  experiments e s t a b l i s h -  

ed the  v a l i d i t y  of approaching the s t i p u l a t e d  stress 

l i m i t s  th rough a s e r i e s  of experiments whereby BUC- 

cess ive ly  g r e a t e r  s t r e s s  i s  appl ied t o  t he  g r a t i n g s  

r a t h e r  than h i t  the g r a t i n g s  w i t h  the maximum s t r e s s  

i n  one experiment. E f fo r t  dur ing  t h i s  per iod was d i -  

r ec t ed  t o w a r d s  t h e  same kind of approach i n  t h e  a rea  of 

thermal vacuum s t r e s s ing .  

This course was pursued both  as regarde t h e  l a r g e  

concave r e p l i c a  g ra t ings  and some small  expendable plane 

r e p l i c a  g ra t inge .  

2. Nature of E f f o r t  

2 .1  P a r t i c l e  I r r a d i a t i o n  

2.1.1 I r r a d i a t i o n  by Dynamftron 
e 

Phase I1 es t ab l i shed  t h e  s t rong  l i ke l ihood  
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that the deformation observed when r e p l i c a  

d i f f r a c t i o n  g ra t ings  were i r r a d i a t e d  with 

1.0 Mev e l e c t r o n s  was a c t u a l l y  due t o  t h e  

s u b s t r a t e .  The g ra t ings  used i n  Phase If 

were plane,  50 mm i n  diameter x 10 mm th ick-  

nes s ,  and on Pyrex subs t r a t e s .  This work was 

continued using two o t h e r  common g r a t i n g  sub- 

s t r a t e s ,  BSC2 and syn the t i c  fused s i l i c a .  

For t h e s e  t e s t s  our s y n t h e t i c  fused s i l i c a  

was manufactured by the  Dynasil  Corporation. 

The r e s u l t s  a r c  shown i n  t h e  accompany- 

i n g  graph. I t  shou ld  be noted that t h e  o r i g i n a l  

d a t a  showed an apparent concave deformation o f  

the  Dynasil  as compared with t h e  d e f i n i t e l y  con- 

vex deformation of the BSCZ and Pyrex. We f e e l  

t h a t  t h i s  was an e r r o r  i n  i n t e r p r e t a t i o n  of t he  

s ign of the Dynasil in te r fe rograms p r i o r  t o  ir- 

r a d i a t i o n  and have s o  co r rec t ed  t h e  data t o  t h a t  

shown i n  the graph. The v a l i d i t y  of  t h i s  cor- 

r e c t i o n  w i l l  b e  s tud ied  when some a d d i t i o n a l  

s y n t h e t i c  fused s i l i c a  samples a r e  i r r a d i a t e d .  
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2.1.2 I r rad i  at1 on by Radi of s o  topes 

Exposure t imes f o r  the  Dynamitron i r r ad i -  

a t i o n  were from 5 - 30 minutes, To more c l o s e l y  

approximate the o r b i t a l  dose  r a t e s  a series of  

beta emi t t i ng  mdio i so topes  was se l ec t ed  w i t h  

end p o i n t  energ ies  covering the  energy range 

of  i n t e r e s t .  The rad io iso topes  a r e ,  Promethium 

147, Thallium 204, Strontium 90, and Yttrium 

90 (daughter )  a The concentratfons selected a r e  

such tha t  i t  w i l l  take approximately s i x  months 

f o r  t h e  maximal one year  equivalent  dose o f  

electrons/crn2 t o  be accumulzted. 

w i l l  o f  course be evaluated p e r i o d i c a l l y  t o  

study the  deformation a s  a func t ion  o f  dose,  

The g r a t i n g s  

To e f f e c t  the i r r a d f a t f o n  the  radfo iso topes  

have been evaporated on t h e  bottom o f  t he  i n s i d e  

of  ointment t i n s  and then sprayed w i t h  a very 

t h i n  l a y e r  of  p l a s t i c  which pro tec ts  t h e  g r a t i n g s  

from a c c i d e n t a l  r ad ioac t ive  contamination. 

The ointment t i n s  a re  then placed over a s e r i e e  

o f  r e p l i c a  d i f f r a c t i o n  g r a t i n g s  aluminized 

s u b s t r a t e s .  Pyrex has  been chosen f o p  the sub- 

s t r a t e  a8 i t  appears t o  show the  l a r g e e t  deform- 

a t i o n .  The t e s t a  have not  e t a r t e d  y e t  as the  

production of the spec ia l  50 mm diam. x 10 mm 

thick beveled s u b s t r a t e s  was unavoidably delayed. 

The i r r a d i a t i o n  w i l l  d e f i n i t e l y  start i n  Phase I V .  



5. 

2.2 Thermal S t r e s s i n g  

2.2.1 A t  P re s su res  o f  --- 10-l' t o  lO-'torr and Reduced 

Temperatures. 

A n  experiment was performed at  p re s su res  

that var ied  f r o m  10-l' t o  IO-' t o r r .  Concave 

r e p l i c a  d i f f r a c t i o n  g r a t i n g s  made by J a r r e l l  

A s h ,  Bausch and Lamb, and Di f f r ac t ion  Products,  

p l u s  aluminized s u b s t r a t e s  i d e n t i c a l  i n  shape 

t o  t h e  g r a t i n g s  were used. The temperature 

of the g r a t i n g s  as determined by thermocouples 

epoxied t o  the m i r r o r s  averaged -5OC. The 

samples were kept  under  this s t r e s s  f o r  4 days. 

No s i g n i f i c a n t  d i f f e rence  i n  e i t h e r  l i n e  pro- 

f i l e  o r  d i spe r s ion  was n o t i c e d  when s p e c t r a  

taken before and a f te r  the thermal vacuum 

s t r e s s i n g  were compared.. 

It had been planned t o  go t o  lower and then 

h ighe r  temperatures bu t  d i f f i c u l t i e s  wi th  the 

equipment p l u s  higher  p r i o r i t y  tes ts  precluded 

t h e s e  a d d i t i o n a l  t e s t s .  

2.2.2 A t  Atmospheric Pressure 

It occurred t o  u8 that  i t  would be b e t t e r  

t o  make some preliminary tests t o  determine 

j u s t  what temperatures the g r a t i n g s  were l i k e l y  

t o  be  able t o  s t a n d  before we "went f o r  broke" 

and exposed them t o  t he  planned thermal extremee. 

The b a s i c  r a t i o n a l  was t h a t  i f  we t e s t e d  the 

expensive g r a t i n g s  a t  say 100°C and found them 



t o  f a i l  badly,  we would never know t h e i r  actual 

f a i l u r e  poin t ,  information t h a t  might be c r i t i -  

c a l l y  valuable  had the f a i l u r e  po in t  been, say 

9 5 O C .  Thus a s e r i e s  of experiments were per- 

formed with a v a i l a b l e  plane g r a t i n g s  that  had 

a l ready  been used i n  some e a r l i e r  p a r t i c l e  

stress s tud ie s .  These 50 mm diam. x 10 mm th i ck  

g r a t i n g s  and s u b s t r a t e s  were heated i n  a labor-  

a t o r y  oven at  successively h ighe r  temperatures.  

The r e s u l t s  are given i n  Table I. 

TABLE I 

Thermal S t r e s s i n g  of Repl ica  Gra t ings  
e t  

Atmospheric P re s sure  

Previous 
Temperature Fa i lu re  I r r a d i a t i o n  Dose 

Sample* Dose Energy Range Temperature 

60 - 1 5 O o C  14OoC G245AP none - 

04DA 8.4~10'~ e/cm2 1 . 2  Mev 90 - l l 0 O C  100°C 

G l D A  3 . 5 ~ 1 0 ~ ~  e/cm2 1.2 Mev 90 - l l 0 O C  l 0 0 O C  

GGDA 5 . 0 ~ 1 0 ~ ~  e/cm2 0.8 Mev 60 - 150OC 87OC 

* G245AP was on a pyrex substrate,  the o t h e r s  were on Dynasil 

(a  s y n t h e t i c  fused s i l i c a ) .  

On the  bae i s  o f  th i s  l i m i t e d  sampling, we might conclude 

f o r  t h e s e  replica g r a t i n g s  made by  JACO t ha t ,  

e 1. un l r r ad ia t ed  r e p l i c a  g r a t i n g s  w i l l  s tand upwards o f  

100°C and p o s s i b l y  as high as 1 4 0 O C .  
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2. r e p l i c a  g r a t i n g s  i r r a d i a t e d  with 1 . 2  Mev e l e c t r o n s  i n  

doses of 8. 4x1Ol1 t o  3.5~10'~ electrons/cm2 withstand 

up t o  about 1 0 0 ° C .  

3. r e p l i c a  g r a t i n g s  i r*adiated w i t h  0.8 Mev e l e c t r o n s  t o  

a dose of 5 . 0 ~ 1 0 ~ ~  electrons/cm2 appear t o  f a i l  ear l ie r  

than those irradiated with more e n e r g e t i c  e l e c t r o n s  

b u t  a r e  s t i l l  good t o  about 90°C. 

Caution should be observed i n  accept ing t h e  above conclu- 

s ions  as f i n a l .  They a r e  cor rec t  f o r  the  g r a t i n g s  t e s t e d  bu t  

whether w e  would g e t  exact ly  these same r e s u l t s  f o r  o t h e r  samples 

by t he  same manufacturer o r  with g r a t i n g s  produced by o t h e r  manu- 

f a c t u r e r s ,  i s  not  a t  t h i s  time known. The r e s u l t s  are,  however, 

c o n s i s t e n t  w i t h  known e f f e c t s  of i r r a d i a t i o n  on p l a s t i c s  and 

indeed more o f  the low energy e l ec t rons  would have been stopped 

In  t h e  p l a s t i c  than would those of the  h igher  energy. 

on the  conservat ive s i d e  we a r e  concluding f rom these  experiments 

t h a t  e l eva ted  temperature thermal s t r e s s i n g  of t h e  l a r g e  concave 

g r a t i n g s  should begin a t  70°C, n o t  100°C. 

2.2.3 In-Si tu  Testing Apparatus 

e 
To be 

I n  a series o f  e a r l i e r  experiments a t  Holy 

C r o s s  p l u s  those a t  Harvard  the d e s i r a b l e  

c h a r a c t e r i s t i c s  f o r  an HC i n  s i t u  thermal s k i d  

were determined. Following these  experiments a 

thermal s k i d  Was ordered ( t o  be  de l ivered  

s h o r t l y )  w i t h  br ine ranges of -68 t o  P2l0C with 

R-22 and R-13 r e f r i g e r a n t s  o r  -68 t o  +138OC 

w i t h  a GE s i l i c o n e  o r  Dupont Freon E-4 r e f r i g e r -  

an t s .  F o r  temperatures above 421OC an e l e c t r i c a l  
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2.3 

hea t ing  s y s t e m  w i l l  be used with the R-22/R-13 

system af ter  the  r e f r i g e r a n t  has been valved 

out.  

The sys tem w i l l  be designed s p e c i f i c a l l y  

f o r  t h e  type of t e s t i n g  a t  hand and loads  w i l l  

be l i m i t e d  t o  about 8 lbs .  o f  g l a s s  and alu-  

minum. 

New Grat ing Test Bed 

As had been o r i g i n a l l y  planned, t he  f i r s t  work 

done on the  concave g ra t ings  was based so le ly  on the  

v a r i a t i o n  o f  l i n e  p r o f i l e  and d i spe r s ion  with t h e m 1  

vacuum and i r r a d i a t i n g  p a r t i c l e  s t r e s s .  This was done 

with a McPherson Model 225 monochromator. 

While these  t e s t s  can be d e f i n i t i v e ,  i t  was not  

posa ib le  t o  a l s o  measure t h e  e f f i c i e n c y  o f  the g r a t i n g s ,  

a parameter judged by many t o  be perhaps the  s i n g l e  

most important measure of a g r a t i n g ' s  performance. I n  

our  o r i g i n a l  proposal th i s  necessary weakness of o u r  

e a r l y  work was p o i n t e d  o u t  but with the subsequent 

f i r m  commitment by NASA of the  necessary funds,  a 

s e r i e s  of design Improvement conferences were held with 

NASA GSFC pereonnel and l a t e r  w i t h  two independent 

p o t e n t i a l  suppliers. Eventually i t  was decided t o  con- 

t i n u e  with McPherson and a new t e s t  bed purchased 

which, when used i n  conjunction with t h e  o r i g i n a l  Model 

225, would a l l o w  us t o  measure all of the  des i r ed  

parameters. 



The t e s t  bed was del ivered i n  December and seve ra l  

week8 were then spent in mating i t  t o  t he  Model 225. Since 

we are a f t e r  as near  d i f f r a c t i o n  l imi t ed  performance of the 

syetem as we can g e t ,  the mating - alignment procedure was 

of necess i ty  time consuming. This work has now been e% 

s e n t i a l l y  completed. We are  s t i l l  no t  e n t i r e l y  s a t i s f i e d  

w i t h  the  performance of the  I n t e r n a l  photometric system, 

t h a t  system by which the  e f f i c i ency  i s  measured. To g e t  

an independent check on ou r  sys t em9  we a r e  having 

D r .  J. A. R. Samson measure a 1 meter r a d i u s  concave mimor 

and are await ing his r e s u l t s  t o  compare with our  own. 

2.4 I n t e r f e r o m e t r i c  Test  Bed f o r  Concave Gratings.  

It  ha8 long been recognized that one o f  the more power- 

f u l  t e s t s  of t h e  performance o f  o p t i c a l  components and 

sys tems i s  t h e  in te r fe rometer .  As has previously been out- 

l i n e d  i n  our r e p o r t s ,  w e  have made ex tens ive  use o f  a 

Twyman-Green t y p e  in te r fe rometer  f o r  teieting plane g r a t i n g s  

but  f e l t  th i s  type was not as wel l  s u i t e d  t o  concave 

g r a t i n g s  as might be. 
P We have s e l e c t e d  a system used by K.G. B i rch  of the 

Light Division, Nat ional  Phys ica l  Laboratory i n  England 

f o r  i n t e r f e r o m e t r i c  t e s t i n g  of the  concave g ra t ings .  

Us ing  a He-Ne l a s e r  and a set of s p e c i a l l y  designed ex- 

t e r n a l  op t ics  we hope t o  be able t o  i n t e r f e r o m e t r i c a l l y  

examine the g r a t i n g s  while they  a r e  mounted i n  our tes t -  

bed. Had t h e r e  not been a s e r i o u s  delay on the  part  of 

the  o p t i c a l  component manufacturer,  we would have been 

able t o  give some a c t u a l  r e e u l t s .  It  should be pointed 1) 
L Birch, K.G., I~ In te r f e romet r i c  Examination O f  the  Ruling E r r o r s  

Of A Concave Grating",  Jour.  Sc i .  I n s t r .  43, 243 
( A p r i l ,  1966) 
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3.0 

o u t ,  however, that prior t o  o rder ing  the new components 

a pre td type  was set  up i n  a two phase program and the 

r e s u l t s  were very encouraging. 

Conclusions t o  Date 

3.1 Effects  of Radiat ion 

3.1.1 I r r a d i a t i o n  o f  plane r e p l i c a  g r a t i n g s  made 

by one manufactuper showed one-quarter wave 

deformation a t  exposures o f  6 ~ 1 0 ~ '  e/cm2 f o r  

Pyrex subs t r a t e s ,  lx1013 e/cm2 f o r  BSC2 sub- 

s t r a t e s ,  and ? x d 4  e/cm2 f o r  Dynasil (syn- 

t h e t i c  fused s i l i c a )  s u b s t r a t e s ,  The i r r ad i -  

a t i o n  energy was 1.2 MeV.  The deformation 

inc reases  above these  doses.  

3.1.2 I r r a d i a t i o n  of  plane aluminized s u b s t r a t e s  

of Pyrex, BSC2, and Dynasil showed the game 

v a r i a t i o n  of sur face  deformation with i r rad l -  

a t i o n  as d i d  the rep l ica  g ra t ings .  

3.1.3 For the  most radiatf on s e n s i t i v e  matepial 

tes ted thus  fala, Pyrex, the normal a l lowable 

manufacturing to l e rance  of  one-quarter wave 

f a  no t  reached a t  energ ies  of about 1 Mev 

u n t i l  the accumulated dose is 6 ~ 1 0 ~ ~  e/cm2. 

This corresponds t o  a p r a c t i c a l  upper l i m i t  

of  an t i c ipa t ed  dose ( s e e  Phase I1 r e p o r t ,  

Pa 3)  

3.1.4 I n  v iew of  (I) and ( 2 )  above we a l s o  

t e n t a t i v e l y  conclude that  p lane  r e p l i c a  

g r a t i n g s  w i l l  probably withstand 1 . 2  Mev 
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r a d i a t i o n  as well  as the  s u b s t r a t e s  w i l l  a lone.  

The inference ,  which will be checked l a t e r ,  i s  

that a t  these energy l e v e l s  replica g r a t i n g s  

w i l l  probably w i  ths tand  a s  much r a d i a t i o n  of  

t h i s  type 88 w i l l  o r i g i n a l  masters.  

3.2 Thermal-Vacuum S t re s s ing  

3.2.1 A t  O r b i t a l  P r e s a u E  

Experiments conducted i n  Phases I and I1 

p l u s  those most r ecen t ly  conducted i n  Phase I11 

with r e p l i c a  g r a t i n g s  f rom t h r e e  manufacturers 

i n d i c a t e  that concave r e p l i c a  g r a t i n g s  w i l l  

wi thstand o r b i t a l  p ressures  at  temperatures of 

a t  l e a s t  +20°C t o  -5OC.  

were g e n e r a l l y  o f  s eve ra l  days durat ion.  Con- 

These experiments 

ceiveably there  may be long term degradat ions 

but t hese  have no t  been ind ica t ed  s o  far .  

3.2.1 A t  Atmospheric Preeaure 

A s e r i e s  o f  preliminary experiments on 

p lane  r e p l i c a  d i f f r a c t i o n  g r a t i n g s  from one 

manufacturer I n d i c a t e s  that  un i r r ad ia t ed  

r e p l i c a  g r a t i n g s  w i l l  withstand upward8 o f  

100°C and perhaps as  high as 140°C. The f a i l u r e  

of  i r r a d i a t e d  g r a t i n g s  depends on t h e  previous 

i r r a d i a t i o n  h i s t o r y  and probably on t h e  n a t u r e  

of  t h e  r e p l i c a t i n g  ma te r i a l  and the  s u b s t r a t e .  

4. Plans  for Forthcoming Six-Month Period a With de l ive ry  o f  our  own thermal sk id  due within t e n  

days emphasis w i l l  be placed during t h i s  next per iod on 
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g e t t i n g  t h e  skid i n  operat ion f i r s t  with a t e s t  b e l l  jar  

m d  then with our monochrometor - t e s t  chamber combination. 

Inasmuch as the  b e l l  chsmber is not trapped, o n l y  second 

q u a l i t y  g r a t i n g s  w i l l  be used i n  t h e  b e l l  j a r .  While the 

thermal sk id  - b e l l  j a r  system is being checked o u t ,  a l l  

g r a t i n g s  will be given the i r  p r e - s t r e s s  a n a l y s i s  ( l i n e  

p r o f i l e ,  d i spe r s ion ,  s ca t t e r ed  l i g h t ,  and ef f i c i e n c y )  

Af te r  t h e  thermal s k i d  has  been checked out  w i t h  t h e  b e l l  

J a r ,  i t  will be connected h t o  t h e  t e s tbed  f o r  the  i n - s i t u  

tests w i t h  t h e  good gra t ings .  

The p a r t i c l e  i r r a d i a t i o n  w i l l  be l i m i t e d  pr imar i ly  

t o  stress by t h e  radioisotopes.  To ge t  a more q u a n t i t a t i v e  

eva lua t ion  of t h e  s t r e s s ,  the energy d i s t r i b u t i o n  as a 

func t ion  o f  wavelength a s  w e l l  as t h e  energy at t he  end 

po in t  f r o m  t h e  r a d i o a c t i v e  plaques w i l l  b e  determined. 

A t  this poin t  i n  time it appears  un l ike ly  that  we 

w i l l  be a b l e  t o  a r r i v e  a t  a t e s t i n g  p o i n t  where we can fr- 

r a d i a t e  t h e  l a r g e  concave g ra t ings .  This a c t i o n  is i n  con- 

sonance with a dec i s ion  reached d u r i n g  a conference a t  GSFC 

wherein i t  was agreed t h a t  the thermal-vacuum s t r e s s i n g  

would precede the  i r r a d i a t i o n  of  the concave g ra t ings .  
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a 5. Personnel  

5.1 Senior  S t a f f  

While each of  t h e  s e n i o r  s t a f f  p a r t i c i p a t e d  i n  some 

phase o f  a l l  of  the  t e s t s ,  the p r i n c i p a l  area o f  responsi-  

b i l i t y  o f  each i n v e s t i g a t o r  i s  as shown. 

D r .  ROY C ,  Gunter, J r . )  Holy Cross College -- 
p r i n c i p a l  i n v e s t i g a t o r  

D r .  Edward F, Kennedy, Holy C r o s s  College -- 
i rradi a t  ion  

D r .  F ranc i s  W e  Kaseta9 Holy Cross College -- 
e lec t  rf c a l  measurements 

Prof .  Robert F. Kelley,  S t a t e  College a t  Worcester - - 
i n - s i t u  thermal s t r e s s i n g  

5.2 Student S t a f f  

Although many s tuden t s  have been involved i n  one 

phase or another  o f  the plaograrn, the following were 

those with s p e c i f i c  assignments: 

John Ebersole -- o p t i c a l  t e s t s  

W i l l i a m  Mueller and P h i l i p  Morrison - l i n e  p r o f i l e s  

Mark Roberts and Michael Kelley - r a d i a t i o n  s t u d i e s  

5.3 Support from Other Labora tor ies  

M r .  L e s t e r  F. Lowe, AFCRL - i r r a d i a t i o n  t e s t s  

D r .  Mason C. CoxB D r .  PeuP M. Waters, D r .  Richard 

F. Woodcock, M r .  Samuel F. Walton, M r .  Colin Yates 

Research Depertrnenlt o f  America Opt ica l  Co. -- glass 
s t r e s s i n g  and t e s t s  
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D r .  E.M. Reeves, M r .  Nathan Hazen, M r .  Frank Kaszinski,  

M r .  James YacDonald, Harvard College Observatory - 
thermal-vacuum t e s t s  

M r .  Richard Schmitt and co l leagues  of  the  Jarrel l -  

A s h  Co. - Grating Labora tor ies  

D r .  I rwin  Loewen and col leagues of  t h e  Bausch 

and Lomb Co. - Grat ing Labora tor ies  

D r .  Shields Warren and M r .  Russe l l  Cowing of 

the N e w  England Deaconess H o s p i t a l ,  Cancer 

Research I n s t i t u t e  - rad io iso tope  plaque pre- 

p a r a t i o n  and energy d i s t r i b u t i o n  measurement. 


